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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Itali¢ Transliteration Block Italic Transliteration

A a A a A, a Pp P p R, r

B 6 b & B, b Cec C ¢ S, s

B s B ¢ vV, v T T m T, t
rr r G, g Yy Y y U, u

A A a @ D, d b ¢ @ o F, f

E e E ¢ Ye, ye; E, e¥ X x X x Kh, kh
How K x Zh, zh Uu u y Ts, ts
3 a3 3 s Z, z Yy g Ch, ch
U ow H u I, 1 W w W w Sh, sh
n A u Y, ¥ W w w Shch, sheh
K K K « K, k b v b % "

A n o« L, 1 bl b ¥ w Y,y

M m M u M, m b e b » '

HH H N, n G 8 E, e
0o 0o o 0, o 0w O » Yu, yu
nn n a P, p A s A =« Ya, ya

¥ye initially, after vowels, and after v, b; e elsewhere.

When written as & in Russlan, transllterate as yé or &.
The use of diacritical marks is preferred, but such marks
may be omitted when expediency dictates.
GREEK ALPHABET
Alpha A o « Nu N v
Beta B 8 X1 T £
. Gamma r vy Omicrcn 0 o
g Delta a8 Pi o
( Epsilon E € ¢ Rho P p o
Zeta Z T Sigma T o
Eta H n Tau T =t
Theta O o 3 Upsilon T v
1 Iota I Phi ® @ ¢
1 Kappa K ® k = Chi X x
Lampda A A Psi Y v
} Mu M u Omega Q w
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
Russiun English
sin sin
cos cos
tg tan
ctg cot
sec sec
cosec csc
sh sinh
ch cosh
th tanh
cth coth
sch sech
csch csch
arc sin sin~!
arc cos cos™t
arc tg tan™?
arc ctg cot™1
arc sec sec™t !
arc cosec cse™t
arc sh sinh™t 3
arc ch cosh™t i
arc th tanh™* A
arc cth coth™?
arc sch sech™t
arc csch esen™t
rot curl
lg log

GRAPHICS DISCLAIMER

A1l figures, graphics, tablecs, equations, etc,
merged into this translation were extracted
from the best qualitv copy available.
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\ AUTHORS conte !

N . \.amw,
A. I. Martynov.
{ Th2 effectiveaness of the usce of an aerodynamic 1lift with descent in I “
3 the atmosphere >f 4Yars. k
P o
E
Are ogaminad t4o liniting cases of a reduction in the ijescent ' J
vehicle, #alch possesses 130t acrodyuanic force, in
® |
3
the ataosph=re of “ars - the joite simple in realiza*ion dascent with !
e
constunt lift~1ra; vaitio and desceoat most conaplex ia
! rsalization wita the optimur control of 1ift, that makos it possible !
@
to ontain the aiainux Linal vaoloeclty ~or an ipparatns with ? ‘
4
N
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IN=17=75 ? PAGE 2
taesce cnaricteristics. In the magnitude of a Qifference in the final
velocities when using these two views of desceut it is defiued,

“o uiich of thea it is possible to give prefoerence in each concrete
case. Are ygiven nugerical results,

The solution to the problenm of the aerodynamic descent of
apparatuses to the surface of Mars is hinder/hampered on the streayth
of the fact that the atmosphere of the planet
i1s extremely is rarefied. By force this use of ballistic type
1ppICaATUSCS conjuyatesconbinaed with the greatest difficultios, so

as magnitude of the given load on froutal surface in such descent

" vahicles (D7) must not exceed ~70

k3f/z2 [1, 21« The introduction of lift makes it possikle
jubstantially to facilitate accoaplisning of the objective of the
a2rodynanic desceut:

to decrease the final velozity of Vg~ volocicy to the aoment of tne
connection ot the system ot soft laandinyg, to increase load cn the
trontal sugface

JV and, otc,.
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01-17-7% PAGE 3
o
The effectiveness of the use of an acrodynamic lift for the
descent of space vehicle (KA) in the atmosphere of “Mars
L
can bo defined by tho ragnitud: of tha final rate to which was
L
indibited tne vahicle, since for active braking with the help of
" the propulsion system of cach 10 a/s of a3 velocity increment of ins ’ { .
spant sevaral doszen xilograms of fuel load and
. L
““the structural 2leaents of the systenm cf soft landing.
In the ptesent wvork are examined two liuiting cases of a
o
“reduction DV, which possessces lift aercdynamic fcrce - L
e
ths quite simple in realization descent with constant lift-drag ratio
o
" {K=coust) and the post couplex in realization descent
®
¥ith the optinmum control of lift (K=var), that makes it possible to
| ®
“abtain the miniaun final rate for DV with the assigned *
characteristica.
) L
) ® 3
Page 81. K
o ‘
. N | E
) o
In the magaitulr of a diffeceace in the final cates 2V, = (V)h e -~ AV ) vmise ,
) ] i
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U1=17=7% PAGE 4

which are ichisved when using these

tvd vivws 9f descent under other identical conlditions, it is possible

to judje to which of them it is necessary to ygive preferonce in each

concrete case,.

We will examine case of the entrance kA into the atmosphere of !

Macs troam the trajectory of directs/straight flight/passage ground-

dars, for which the rate

the atmospheric entcy ot Yars V.xsﬁ k&/3« On the trajectory of

descent is superimposcd the counatraint hy heigat of the mission KA :

abuve

tue surfacve of the plaoct:

o ’jm l\)lL‘.I'
M- H 2 (Heal

During thz simulation of th: equations of motion or the center of
Biss DV Was utilizol "sperational® anoanl of the atmosphere of Hdars [,

Z].

iO ®© @€ @ ® © & @ O O ¢ o ¢ ¢ ¢ © 0 o 0 ¢ o O
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91=-17=7% DAGE 5
Descent with constant lift-drag ratio. We will examine traffic

DV witiain vparationil reeatry corridor.

Th2 lower boundiry of ovperational reentry corridor is defined by the

aininun altitui: ot the conditional pericenter of the trajectories of

Lntcaance d:_ at

wnich i3 still possible the execution of constraint (1), if K=KgeThe

iehesnlifiiitatins

uppaer bound is lofined from the conditicn ¢f capture DV
by the atmosphere of Mars. 1In this case the vehicle is considered
s2ized by the atmosphere, if the ecaxiaoum iltitude of mission after the

first

insecrtion inte lsnse Jayers of the atmosphere does not exceed 100 xm.

it suduld be noted that the lower boundary of cperatiopnal ceentry

V corridor substantially depends on the Jesiygned-ballistic paraweters
bV {given luad on ity trontal surtace of {}=G/cxs. where Cygr S and G
are a Jdrag cocefficient,
the area ot midscection and weight (on ground) DV, and the litt-drag ;
3

ratio DV ri‘w’/!n at Lal wmee angle aG::CMJ

ani fros the niniwally peorpitsible altitude (o) The altitude

o o e 0.0 o 0o 0.2 o o O
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| J
" of tha cualitional periceunter H'being grov/risten with the incrcase
]
P\and(flm.n),u.,dlsa. during decrease in K, Thus, for instance, increase P,
®
€rom 200 to 650 kyt/w? leads to increase o from ~270 to
(Heanad g
=100 ka, an increasc P4 with 3 to 3 km leads to increase ¢! fronm =230
: ®
" to -130 knr, ani decrease K, from 0,5 down to ) ’ ’ - e
L J
0.3 cnanges [)'from -287 to =113 ka (Fig. 1).
' L
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, ddskead e BITOL: PLUASE CHECK TOR ALL oYWILLIC OR UNCLEAR [TEMS ON

TdE TAGLE (FIGURE) WidICH MAL HAVE BEEN LLFT QUT**ssesesex

“
-

Key: (1) depa. (2} Rqtiy/m2, (3) ku. (4) dopa. (S) the initial

process/conditions, (6) kume
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°
o
e
=ttt Figh. 2 gives the dependences of the maganitude of the final rate
L 2
~ from the designa2d-ballistic parameters DV (grand K, and
i @
= from the altitude of the conditional pericenter of the trajectories of K
' L
entrance. It is evident that with descent with K;--const the magnitude
| T o
" of the final rate substantially
' o
depands on the altitiude of the conditicrnal pericenter of the
' ®
' trajectory of antrance, achieving aaximua near the middle of reentry (g
| o
corridora.
' o
) o
Page 82.
y @
1 Lot
) @
Thus, for instance, for DV with P,=350 xqf/m? and K;=0.3 (V..=6 kao/s
) ®
} s u.wl" o
V=630 a2.con v Heom HY = 170 s,
) Ves=T40 widon S H.— HE= - 50 ka, e
. Vie=T60 acdu %4— He= =80 xau. "
;
) o
m/ss withs Kme 3
b o !
) ¢




01~-17-75 PAGE 9

Let us note also that the azinimum value of the final rate in the

‘case of traffic DV with the constant lift-drag ratio

is achievel during tratfic along tae lower boundary of operational
ceentry cocrridor. In this case the maxiumum spread in the magunitude of
the final

cate during traffic within operational reentry corridor with K;=const
is 120-150 a/s. As one would expect,

an increase in the load on frontal ..urfiace and lift-draq ratios leads
to an iacrease in the final rate. So,

for exampls during increase P from 200 tc 650 kgf/m? V. grow/rises froa
650 to Y76 a/s, and during chanye K;frem 9.3 to

0.5 thae vaiue of V.iancreases from 700 to 1016 m/s (are exanined the
raximum valums |7 within the operational corridor

antrance}.
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e kxka 223 DITOR: PLEASE CHECK FOR ALL CYRILLIC OR UNCLEAR ITENS ON

TdE TABLE (FIGURE) WHICH MAY HAVE BEEN LEFT OUT**%&¥ssééx

efeslesgw

//.{ &4
oy Yo} asel g s>

425 o er— A

#-40t is0 rv -:;N\;;. ﬂ
7

- o7
- - - 1
R R /R s R (P75

Key: ({1} ka. (2) kae. (3) kygfs/m2. (4) ef. (5) m/s.
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L
i L J
F - Optiwuz control of the final rate., For determining the optimum
} L
f law of control of the "effective" quality
| ®
‘_‘T’¢=K6°°ST (1 is an anglaz of the bank CV) from the condition of the L
minimum of the final rate of descent was sclved the corresponding
@
variational probnlen.
o
¥as examined the plane motion of the center of mass DV in the
1 ®
ataosphere of being unrotated Mars: -
o
o
e Uy Ve \
: ) V--—2—l3‘—-g.~\(H)sln’J; l .
; Vaa cosh Vcos 9
b K, PR3 087 veosq . o
3¢ 2’)} g~“(H) Vv R+H"’ I ‘
H:: ‘/sino. ) [ ] '
[
(2.
9
@
Here V, H = velocity and flijghe altitude; 6 - the angle of tac
L
path inclination ¥ toward tha local horizon; & - the mean calius i .‘ 3
#ars; p - the atmonpheric density of Mars; gu{//) ~ the acceleraticn of ;
L
o
!
O 1

A TR VN L et AT oY S T
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Jravity on Mars;'g, - the acceleration of yravity on ground;
y

point designatel time derivatives t.

The value of th2 given load on the fromtal surface DV P’vas received

""as ' constant in an entire trajectory of descent.

b ;

The opjective was accomplished duriny the coustraints :
» L
I o - ~ * :
® ¢
{ o €
g H, —H(t).20, 3) ¢
. - KG < 1(3,‘. '< I\’{,
® ) ¢
- 9
] 1
o ¢
[ ] .
and under thae bounlary conditions
. ] [}
T |
. i
o
®
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- V(tﬂ):‘_: le; o(tﬂ)_“':olx; H(’u) £ Iln\; I-l(ll.) = H\; } h
L— jFFis free

Index "0" designated the initial conditions, which correspond to

_ the entrance KA into the atmosphere of Mars,

For the notation of the necessary conditions ¢f optimua character
was utilized the principle of L. S« Pontriagin's maximunm {3, 4].
‘"The carrial oat investigarion showed that the optimum ccntrol
dependiny on the parameters DV P and Ko and mininally
(Hmin Jion
tus permissible £1ight altitude at thae identical conditions of
entrance can be two types,

Firat type optimus trajectoury maintalns the phase of traffic

alony constraint (3). During izovysotnom phase ¢f trajectory

" tha control is lefined unaaniguously frer the condition of the passage

of extremal alony constraint [4] and takes the form

Py L 22, eV v
w ('w )ga::,JR—FH,_)' L S VERTIT

'F Iib.)

=> 0 & 9:0 0 0 o:

o &6 6 6.0 & o o

S e b et e GRS a n :
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01-17-75 PAGE 14
‘DPescent from constraint is implenented inside the permissible
r23ion of pnase coordinates with the magnitude of the effective
T quality K=K,
which rempains constant to the end of the trajectory. It should
"be noted that in the presence of horizcntal phase in
the composition of the optimum trajectory of the entrance functional
“of V, dves not d:wpend on the initial conditions Vg4, 0, and Hgy.

Second typ2 optimum trajectory does not maintain izovysotnogo

phase. Tue projram of control is the program with
Ky=—K, | .
the one-time changeover of effective quality with «sasmm on sy ==+ Ks.
It is necessiary to rote that a decrease in the minimally
permissible flijht altitude DV ahove the surface of Mars, and also

: load
on the trontal surface DV anl the maynitulas of lift-drag ratio leads
to a decrease in the time interval, witnin which

avV moves over constraint/fs== (Hunm)welloreover for scime types DV there is

(Ilru:n)

i

" an altitud- P, at which during

[0 7 RN ¥ AUV W
fulfillm=nt of the conditions ERNEETIE the optirum trajectory dows

10 6 6 09 & © O
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01-17~-75 PAGE 15

aot maintain izovysotnogo phase. Thus, for instance, for

("lln'm)up\-.\
DV with P,=250 xgf/m? and A; =0.3 magnitude 4@ =2.75 km, but for DV

"with Py=80 kjyf/n2 and K,=0.4

S

this magnitude is equal to 5.83 km. In this case, as earlier, it was

]
3 - o
" con Si dered ‘flmlu)lml w3 ,i.-.
E @
Again let us note that vhen the optimum program of control is
" first type projram (containing
izovysotnyy phase), occurs descent from constraint inside the
i ! persissible regioa of phase coordinates, i.e., to the side of the L
; o
increase
flight altitude,
i
f Paju 84. ’
he comvarison of +he optimum progian of control with the
progyran, walichk anvizaje. trattic DV to the end of the horizontal gphase
CWith =11 suows (Fig, ) thdat at the optiauc control the magnitude of ) E
® a
the £inal rate proves to be substantially less, ]
-
) G
P L T i Rt il e R I T L el o T T e et e mm Ay
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21-17-75 PAGE 16
i.2. Jain because of optimization it is sufficient by weight. For
exdauple for DV with E&=350 KgE/m2, A =0.3, #,=6 the knm

losses ia the nagnitule of the final rate in flight with HSil they

compose 429 a/sS.

® .06 6 & 09 @& 9% o
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$Ee kR ke2x4TDITOR: PLEASE CHECK FOR ALL CYRILLIT OR UNCLEAR ITEMS ON

IR TPy

THE TABLE (FIGURE) WHICH MAY HAVE BEEN LEFT OUT*##ssdtui%

2 ¢ 06 06 0 O
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» e
I Key: (1) kgE/m2.  (2) km. (3} m/s. !
» (Y
® ]
® «
o ¢
N | i)
o (
® (
) ‘
o
1
. E
3
]
®
o f

O AP Pt v s rB A Vi e At g e s LT Yt EEEE e Y ey S WS ar N et A By -




=

| o A Y. P

3

10 ¢ ®© 9-6 © ¢ 0.0 0 0 o-¢ o & ¢ o o

T, TR 1R AFEYR L s 43 WATE SeB W % Tem Ak gpe P O T ey AR A PR AT e ARy Y T S S e 1A

21-17-75

Let us examinte, as affects the maynitude of the final rate of

change in the altitude of the conditional pericenter of the

"trajectorivs of eantrance, and also

tha designed-ballistic parameters DV (Pyand &) and the mininmally
peraissibple £lijht altitude at the optimunm control of the final
rate of descent. The dependences, presented in Fige. %, show that the
majnitude of tho final rate in practice does not depend
on the altitud2 of the conditional pericenter of the trajactory of the
antranc2 within the limits of the operational corridor. Qs cne would
expect, the increise
loads on frontal surrace and the pinimally permissible flight
altitudes 0V abive the surface of planet and the decrease
lift-dcray ratio leid to an increase in the final rate. Thus, for
instance, increase £ trom 200 to 500 kyf/a?

(£l 0o
lo1ds to ingeoase in Ve fron 450 to 720 w/3, an increase @ with 3 to

9 km leads to change in Ve from 465 Jdown to

T o b ST R DRI A - avem P

e A s
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J1=-17=7% PAGE 19
"656 m/s, and decroase K, from 0.5 to 0.3 - to increase in V., from 480 to

592 n/s.

-

v

TEeN

s e A e e P AN AR AT e e meves S— ~ cn e




-

(@ @ @ @ O @ & 9 e © ¢ ¢-0 o © o o O o ¢ o O

01-17-75 PAGE 20
$heREdue A DITIN: PLEASE CHECK FNOR ALL CYRILLIC OF UNCLEAR ITEMS ON

THE TASLE (FIGURE) WHICH MAY HAVE BEEN LEFT OUT*#¢ssrekssx

ARIARATA \
[N e K
r“l',tj';»\ “;; »v)
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1 Iy

&7 ¥ g/ 00a)

[

nstsial 2

Pij. 4.

Keys (1) kme (2) xu/s. (3) kgf/m2. (4) km. {5) vkh. {h) n/s.
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01=17-75 PAGE 21
e
@
ll k
®
. Evaluation of the cftectiveness of the optimum control. The
®
obtained abuve gateriuls make it possilble to evaluate the
P elffectivaness of the optimun 2
o i
1
control in comparison with proyram K, =const. Fig. 5 depicts tc ?
® '
© dependance 6V on P oand to Kiduriny a reduction DV
e
Jithin operational reentry cortvidor. It is evident that for DV with
®
e tha assiyned charazteristics the greatest effect is achieved during
traffic KA nvat the mildle of operational reentry corridor, and
suallest - Juring trafrfic near lower boundary. Sae, for DV
0.
wvith P, =350 kgf/w2 and K.=0.3 the raxiaum jain 6V ccmposes 170 m/s
L ]
" with /1. =-80 k@, but minimun
®
=36 n/5 with H,==170 Ka. :
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“increase of ‘K. incteases P, weakly affects nagnitude Gy, :f
I L
S0, with increase in Kifrom 0.3 to 0.5 the value &V, grow/rises from :
) @
* 170 to 400 w/s, and during change P,from 350 to 550 - !
) e
- kgf/m? it decreases from 170 to 130 m/s. '
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xR ek 454 DITOR: DPLEASE CHECK FOR ALL CYRILLIC CR UNCLEAR ITEMS ON
o
THE TABLE (FIGURE) WHICH MAY JAVE BEEN LEFT OUTReesxsxexx
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“The carrici out investigations show that in each concrete case it %
is necessary to evaluate energy expenditures on ‘
i
~"active brakxing and by weight of descent control system before giving !

preference to the simple or complex view of descent.
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